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Abstract 
Nanometer-sized particles possess characteristic physical and chemical properties different from those of bulk 
materials due to an increase in surface-to-volume ratios as well as of confinement of electrons, excitons, and photons 
into small volumes. Therefore it is worthwhile to discuss the thermal behaviours of powders constituted by 
nanometer-sized particles. The heat transfer in the powder composed of nanoparticles is experimentally investigated 
in this paper. The understanding for thermal properties of the powder is advantageous to the advancement of the 
processing technologies such as laser cladding, laser sintering, powder metallurgy and its other applications. The 
powder is wrapped up in the slender tube. One end of the slender tube filled with powder is maintained at temperature 
0℃ and the other end is kept at room temperature. The temperature histories at different locations in the slender tube 
are recorded using thermal couples. Particles with the sizes 18nm, 500nm, and 5000nm are employed in this 
experiment. The results show that the thermal diffusion in the powder increases with the decreasing size of particles 
constituting the powders. The scale effect of particles in the Al powders on the thermal diffusion is discussed in this 
paper 
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1. Introduction 
Nanometer scale materials exhibit unique properties, which differ considerably from those in the bulk. 
Above all, nanoparticles show a variety of size-dependent properties due to the dramatic changes in the 
ratio of surface area to volume as a function of a nanoparticle size. The characteristics of nanoparticles 
different from the bulk material make the properties of the powders composed of these nanoparticles 
attract more attention. The powders are usually used in laser cladding [1], laser sintering [2,3], powdered 
fuels [4,5], plasma surface improvement [6], powder metallurgy, etc.  
The thermal behavior of the powder, including the gas and solid, is different from the bulk material.  
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Therefore it is essential for the advancement of these processing technologies to study the thermal 
behavior of the powder. In the previous study for the heat transfer of powder, the effective thermal 
conductivity was estimated from a packed bed model of maxwell [7] and hamilton and crosser [8]. These 
two models estimate the effective thermal conductivity in terms of the porosity and the thermal 
conductivities of the gas and solid. At the high porosities (60–80%) commonly observed in these powders, 
the models are relatively insensitive to the solid thermal conductivity. 
Models developed to calculate effective thermal conductivities of packed beds have been reviewed 
previously [9-12]. The simpler correlations, such as the models of Maxwell and Hamilton and Crosser, 
require the bed porosity and the thermal conductivities of the solid and the gas. More complex models 
often contain many parameters to capture factors like particle size, shape, dispersion, and packing. Free 
poured (loose) or slightly compacted powders are typically very fine powders with high porosity and 
randomly shaped particles [13]. For these powders, most of these parameters can only be estimated by 
comparison with results from experimental data; they cannot be easily estimated a priori. Thus, the 
unknown characteristics of the powder precludes our use of the more complex packed bed thermal 
conductivity models. 
In this paper, an experimental study of heat transfer in Al powders beds is presented to enhance the 
understanding of thermal transport in these powders. Axial temperatures of Al powders in the cylindrical 
pipe, which is slender and insulating on the surface, are measured at different pressures. Axial 
temperatures of Al rod with the same length and radius as Al powders are also measured to compare the 
thermal behaviors of the Al rod with Al powder over a wide range of conditions. The thermal behavior of 
these powder beds depends on the bed porosity, pore size, pressure on powder, and the thermal 
conductivities of the interstitial gas and 100% dense solid. The data of thermal behaviors from 
experiments are advantageous to develop a thermal model providing a more accurate prediction of heat 
transfer in Al powders. 
 
Nomenclature 
 
L length of  Al rod 
t time 
T0   temperature of one end of Al rod 
T1 temperature of the other end of Al rod 
z coordinate along the axial direction 
2. Measurement
Axial temperature measurements are performed in Al powders in a cylindrical pipe, which is slender 
and insulating on the surface. The experimental setup is shown in Fig. 1. The cylindrical pipe dimensions 
are 0.1m high with a 0.00352m diameter. The temperature measurements are made from two 
thermocouples located axially along the surface of the cylindrical pipe at heights of 1 cm and 3 cm. Al 
powders are produced by CBT company and its average particle size is 18nm. 
The bodies of the sheathed Type K thermocouples (TECPEL TPK-01) are aligned axially at two points 
of measurement. The thermocouples are interfaced to A/D and D/A converter connecting the computer to 
data acquisition software (TECPEL SE309). The input module is read using the software. Data are 
recorded and stored every 2 seconds. The thermocouple terminal block/input module/DAC electronics are 
calibrated using a TECPEL DTM-319 high precision handheld calibrator. When the calibrator is inserted 
at the thermocouple connector immediately outside the cylindrical pipe filled with Al powders, the 
computer data agree with the calibrator over the range of 253.15 K to 1643.15 K to 0.3 K, which is the 
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precision of the calibrator read-out. The thermocouples as received from national measurement laboratory 
(NML/ROC) have a reported absolute accuracy of 0.3 K. Ambient temperature readings for all 
thermocouples prior to loading the pipe with the Al powder agrees with each other to 0.1 K. Since the 
thermocouples all agree with each other, the relative temperature errors of measurements have higher 
accuracy than the reported absolute accuracy of 0.3 K. 
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Fig. 1. Schematic diagram of experimental system 
The low and high temperature reservoirs are, respectively, kept at 0� and 24�. When the Al powders 
are poured into the slender cylindrical pipe made of insulating material, the pipe must be slightly vibrated 
to obtain uniform and isotropic powders. Starting the data processing software first and then inserting the 
thermocouples to the inner of the pipe, the temperature measurement is conducted after the thermocouples 
are thermal equilibrium with reservoir temperature and the low and high constant-temperature reservoirs 
are attached to the two ends of the pipe. 
3. An approach to one-dimensional model 
Considering one-dimensional model in which the two ends of the Al rod with length L are, 
respectively, kept at T0 and T1, the solution of the one-dimensional model is. 
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4. Results and discussion 
This experimental method of this work can be tested by measuring the temperature of Al rod. 
Temperature history of Al rod at the location 1 cm from low constant-temperature reservoir was measured 
and predicted, respectively. As shown in Fig. 2, the result reveals that temperature history predicted 
agrees with that of the measured data. The thermal diffusivity of Al is high so that the temperature drops 
quickly. Different from the following cases, no insulating material wraps the Al rod in the case of Fig. 2. 
In the following measurements Al powders wrapped by the same insulating materials are measured at 
the same time. Therefore the environmental conditions are identical. Thus independent of materials 
wrapping Al powders, we can compare the distinctions of heat transfer among Al powders.  
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Fig. 2.  Comparison of predicted and experimental  data. Fig. 3. Temperature histories for powders with different size of  
particles. 
 
The scale effect of microparticles constituting powder on the heat transfer is demonstrated in Fig. 3. 
Figure 3 shows the temperature variations with time for Al powders with different size of particles. The 
insulating material wraps Al powders and the two ends of Al rod are, respectively, kept at low and high 
constant temperatures. The temperature variations of Al powders with time are sketched in Fig. 3 for the 
axial locations 1cm from low constant-temperature reservoir. At the location the temperature histories of 
Al powders increase with the increasing size of particles constituting the powders. Especially the thermal 
diffusion of Al powder composed of 18nm particles is fastest. On the other hand the thermal diffusion of 
Al powder composed of 5000nm particles is slowest. At low mean temperature the main heat transfer 
mechanism is thermal conduction instead of thermal radiation for closed packing of small-size particles 
[13-14]. Thermal conduction depends on the contact area and temperature gradient. For a particle the ratio 
of surface area to volume increases with the decreasing radius of particle. Therefore the contact area 
among the particles in the powders also increases with the decreasing radius of particles. This is the 
possible reason why the heat transport of the powders with the smaller particles is faster. The 
temperatures of all measurement points quickly decrease at the beginning and then only slowly decrease 
for a long enough time.  
 
 
5. Conclusions 
In this paper the thermal diffusion of Al powders is studied. The rate of thermal diffusion increases 
with the decrease of radii of Al microparticles constituting Al powder. The main heat transfer mechanism 
is thermal conduction for closed packing of small-size particles at low mean temperature. Thermal 
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conduction depends on contact area and temperature gradient. As the particle radius decreases, the contact 
area among particles increases due to the increase ratio of surface area to volume. This is the possible 
reason why the heat transport of the powders with the smaller particles is faster. 
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